Introduction
Organic carbon and sulfide sulfur are common constituents in many rolltype uranium deposits but their exact roles in ore-forming processes is not completely understood. In the primary uranium deposits of the Ambrosia Lake district in New Mexico, the organic matter obviously plays a major role as a concentrator of uranium (by chelation and ion exchange). In the south Texas deposits, many of which contain little or no organic matter, sulfur is the reductant and concentrator of uranium. In the Wyoming roll-type deposits, both organic carbon and sulfide sulfur are present, usually in small amounts (<1 percent). Harshman (1974, p. 177) suggested that since "there was no direct correlation between uranium and organic content".... there is "considerable doubt on the belief that organic carbon was directly involved" for five rolltype deposits he studied. King and Austin (1966) give results for a series of samples collected an oxidized, ore and reduced rock from the Gas Hills. Their plots show increased organic C, S, and U in the ore zone. The ore-zone U and S are several percent, whereas the organic carbon is about 0.5 percent.
In this paper we report the results of a statistical analysis involving uranium, organic carbon, and sulfide sulfur in samples collected from a rolltype deposit in Wyoming, and we discuss the relative importance of organic carbon and sulfur as concentrators of uranium. Our interpretation of the statistical data gives conclusions that are similar to the model proposed by Langen and Kidwell (1974) and Dahl and Hagmaier (1974) and provides data for the models proposed by Rackley (1972) and Granger and Warren (1974) .
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Samples and Analyses
The immediately after a swath of fresh rock, oriented perpendicular to the ore zone boundaries, had been exposed by a bulldozer cut. Samples were collected at 6-to 15-m (20-to 50-ft) intervals in oxidized rock remote from the ore zone, and at 1.5-m (5-ft) intervals through the ore zone as well as near its boundaries. Figure 1 shows the locality and spacing of samples. Santos (1981) gives a complete description and chemical analyses of the samples.
The samples were analysed by the usual methods (Leventhal and others, 1978; Leventhal and Shaw, 1980) (Krumbein and Graybill, 1965 ).
Discussion Table 1 shows that, in many samples, the weight-percent of uranium exceeds that of sulfide-sulfur and organic carbon, but this low concentration of S and C relative to U does not violate the ideas presented here. As uranium was reduced, sulfide and organic C (if organic C was a reductant)
were oxidized. Some organic carbon may also have been consumed by bacteria that reduced sulfate to sulfide. The reducing power of sulfide, when it is oxidized to sulfate, is such that about 25 times its weight of uranium can be converted from U+^ to U . In the oxidation of sulfide to sulfate, 7 electrons per atom of sulfur (atomic wt. = 32) become available for the reduction of 3.5 atoms of uranium (atomic wt. = 238). Thus, 0.02 percent sulfide will reduce about 0.5 percent uranium. If the oxidation of sulfide is incomplete and stops at an intermediate stage, as when sulfide oxidizes to thiosulfate, about 10 times its weight of uranium could be reduced. Although greatly simplified here, the calculations involving the reduction of U that can be attributed to the complete or partial oxidation of sulfide are given by Warren and Granger (1973) . fig. 2 ), was observed in these samples. This increase may be similar to the covariance of C and S which has been observed in many recent and ancient sediments (Goldhaber and Kaplan, 1974, for review; Leventhal and Goldhaber, 1978; Leventhal, 1979) which is due to micro-organisms that utilize organic matter and sulfate to produce CC^ and sulfide. This reaction does not go to completion, so the sediments contain the residual organic material and sulfide in a relatively constant proportion; hence the covariance of carbon and sulfur. This relation holds for in-situ (syngenetic or epigenetic) reactions but does not apply to migrated sulfides such as h^S moving up faults (Goldhaber and others, 1979) .
A statistical treatment involving carbon and sulfur was performed on samples 16 through 41, samples mostly in the ore zone (sample 23, not mineralized, was excluded in this and subsequent operations). Table 1 and figure 2 show that sample 26 is anomalous in that it contains much more of both carbon and sulfur than do the other samples in the group. When sample 26 is included, the statistical treatment yields an r value of 0.85, which is significant at the 99.9-percent level. When sample 26 is omitted, an r value of 0.32 is obtained, which is not statistically significant. Thus, one unusual (outlier) sample can change the statistical conclusions. For this reason we have done our statistics in several ways to see this effect.
Inspection of the data reveals that samples 32 and 39 are also somewhat anomalous in that they have a higher carbon content than do the other samples in the group, coupled with a low sulfur content. Omission of samples Conversely, the rus>c = 0.634, which is significant at the 99-percent level.
Conclusions
The results of these statistical analyses indicate that sulfur is much more closely related to uranium than is organic carbon for this roll-type deposit. Two related explanations are given: (1) The organic matter is not of primary importance as an agent to localize uranium in this particular rolltype deposit, but the sulfide is. (2) The fact that the organic matter and sulfide are genetically related is not violated: the sulfide migrates after formation and the residual organic matter is immobile; or perhaps mobile organic matter of external source was the energy source for sulfate reduction. Thus, carbon and sulfur both play essential, but distinct, roles in formation of this type of deposit.
